Abstract: Pollination systems based on indirect rewards, such as heat and shelter, have seldom been studied. Plantpollinator interactions were characterized in Iris cedretii Dinsmore ex Chaudhary and Iris sofarana subsp. kasruwana Dinsmore ex Chaudhary, rare endemic Lebanese Oncocyclus irises exhibiting potential adaptation to shelter pollination. Despite a diversity of floral visitors (47 species), only two groups of Anthophoridae male bees (Xylocopa spp. and Eucera spp.) could be considered as efficient pollinators on the basis of frequency of visits, visiting behaviour, and pollen load. Lebanese Oncocyclus irises showed a bimodal pollination system with (1) diurnal visits at low rates but with potentially large pollen transfers by Xylocopa bees, exhibiting a foraging-like behaviour, principally during warm periods of the day and (2) sheltering, especially Eucera male bees, during night and day when the weather is changeable. Refuge occurrence in flowers was more important during the night (27%) than during the day (12%) and, for daytime, during cloudy or windy than sunny conditions. It also varied depending on the exposure of floral tunnels. Visitation rates of both day-visiting Xylocopa and night-sheltering Eucera were negatively associated with an increase of the number of flowers per clump. No experimental evidence was found showing that the principal advantage for male bees to shelter in Iris flowers was to fly earlier in the morning.
Introduction
In zoophilous pollination systems, plant and pollinator species share mutualistic interactions, each being advantageous for the other (Kearns et al. 1998; Herrera and Pellmyr 2002; Dafni et al. 2005) . Given the important dependence of sessile zoophilous Angiosperms to their pollen vectors, it is no surprise to find a huge diversity of floral structures linked to pollinator attraction strategies (Baker and Hurd 1999; Thien et al. 2000; Seymour et al. 2003) or passively by retention often linked to heliotropism (Heinrich and Raven 1972; Kevan 1975; Totland 1996; Galen and Stanton 2003) . The relationships between indirect rewards and pollination have been less explored than the traditional relationships with direct rewards; more studies towards these pollination systems are needed to assess their importance.
Oncocyclus irises provide a suitable model to explore pollination systems based on indirect rewards such as sheltering and heat gain. They are xerophytic plants native of semidesert areas of the Middle East. In these Iris species, the stems bear a solitary large flower, which has bearded falls with a central dark patch: the onco spot (Mathew 1989) . Although Oncocyclus Iris flowers are among the largest in the Middle East flora, they lack nectaries (Avishai 1977) and therefore offer no such reward to pollinators. In Israel, pollination was first proposed to be performed by large, long-distance flying solitary bees of the genus Xylocopa and Anthophora (Avishai and Zohary 1980) . In contrast, Sapir et al. (2005) found that Oncocyclus irises in Israel were pollinated only by night-sheltering male bees from a single genus (Eucera spp.). They linked this phenomenon to heat retention favoured by the dark colour of flowers. Because of the conflicting evidence and hypotheses on the pollination systems of Oncocyclus irises, more studies are needed to assess the importance of sheltering and heat reward in those species. In addition, the considerable environmental variation encountered in the Mediterranean basin along altitudinal gradients is likely to induce variation in pollination guilds among related plant species.
The endemic Lebanese Oncocyclus irises considered in the present study also bear large (10-15 cm) dark purple flowers that may be suitable for sheltering phenomena. Study of their pollination system is also of great importance for their conservation. The status of Lebanese Oncocyclus is of concern, as most of them are listed as endangered by the IUCN (International Union for Conservation of Nature and Natural Resources (IUCN) 2000). Numerous studies have shown that insect visitation may be significantly influenced by the spatial arrangement of flowers in the floral display and in a given neighborhood (e.g., Grindeland et al. 2005; Kirchner et al. 2005) . Patch size and flower density may influence the degree to which pollinators are attracted to a patch, affecting visitation rates to the patch as a whole, as well as on a per-plant or per-flower basis (Groom 1998) . Such variation in insect visitation may significantly affect seed set and is an important component of individual plant fitness (Kirchner et al. 2005; Tarasjev 2005 ). To our knowledge, effect of flower density on pollinators visitation pattern has never been explored in the sheltering pollination system. As Lebanese Oncocyclus irises are rhizomatous clonal species and display a typical clumpy distribution of ramets with a high variation of flowers number per clump, they are an adequate model for such study.
In this paper, we report a detailed study on the pollination system of Lebanese endemic Oncocyclus irises. First we aimed at assessing the relative importance of the sheltering phenomenon as compared with floral visits. For this, the insect fauna associated with Oncocyclus populations was identified. The pollination efficiency of the various groups of insects was assessed indirectly on the basis of frequency of visits, visiting behaviour, and pollen transport capacity. The effect of the population spatial structure on flower visiting and on sheltering was also considered. Finally, we tested the hypothesis that sheltering is linked to early morning heat gain.
Materials and methods

Study organisms and study sites
Lebanese endemic Oncocyclus are a complex of closely related taxa, represented by distinct populations replacing each other over short geographical distances (15-20 km). According to Rix (1997) , they include Iris cedretii Dinsmore ex Chaudhary, Iris sofarana subsp. kasruwana Dinsmore ex Chaudhary, and Iris sofarana subsp. sofarana Foster. They are all natives of high-altitude habitats (between 1500 and 2000 m). They grow preferentially on southwest rocky slopes, and the spatial extent of populations is limited. There are two populations left per taxon, ranging in size from 500 m 2 to a few hectares (L. Saad, data not included). These populations are presently considered as separate species or subspecies, but recent evidence in other Oncocyclus groups suggests that they could be considered as one taxon exhibiting geographical variation .
Lebanese Oncocyclus exhibit the typical ternary floral structure of Iris species (Fig. 1a) . The standards (inner tepals) are large and dressed. The large falls (outer tepals) are in their proximal part the bases of three ''tunnels'', from now on referred to as ''pollination tunnels''. Outside these tunnels, the falls bear an onco spot, the dark central patch typical of the section, which varies in shape and size according to taxa but is always dark purple, to almost black in colour. The top of the pollination tunnel is formed by the flat and petaloid style, of which the stigma is located at the extremity, at the entrance to the tunnel (Fig. 1b) . A single anther is located at the top of the pollination tunnel, against the style.
The species considered in this study typically bear a flower 10-15 cm large, on a stem up to 40 cm in height. The falls and the standards are densely spotted and veined with purple-maroon, on a white background colour. They flower from May to June and produce large capsules bearing around 30 large arillated seeds. As rhizomatous species, they are also able to reproduce vegetatively and show a typical clumped growth habit (Fig. 1c) , leading to a clustered spatial distribution of ramets.
In this study, we concentrated our analysis on populations known as I. cedretii Dinsmore ex Chaudhary, endemic to the Lebanese mountains (1800-2000 m), and known from only two sites. The main study was carried out in The Cedars population, which is the largest (altitude is 1865 m, area is 40 000 m 2 ). In this population, irises have a fragmented distribution (four subpopulations) and cover several hills and plateaus. Additional observations of the pollinator guilds were conducted in the second known population of I. cedretii, in Ain El Haramiyé, (altitude is 1840 m, area is 500 m 2 ). This population was small and threatened by agricultural expansion. Further observations were also made in a large population of Iris sofarana subsp. kasruwana, in Laqlouq (altitude of 1555 m, area of 55 000 m 2 ).
Floral longevity and receptivity
In The Cedars population, 12 floral buds were randomly marked before opening on 27 May 2004. They were checked every day until complete wilt, to estimate floral longevity. Twelve more buds were bagged just before opening and were further artificially cross-pollinated using pollen of several different flowers (1) at the first day of flower opening (N = 6) and (2) at the first wilting signs to test for maximal receptivity (N = 6). The stigma was considered as receptive if fruit developed following pollination.
Diurnal observations of visitors
In The Cedars population, 30 min observation sessions were performed during the flowering season (from 9 May to 9 June 2004) or a total of 72 h of observation. They were equally distributed through the day, from 0700 to 1900 h, and were chosen to cover the three main climatic conditions (sunny, cloudy, and windy) at the same frequency. During these observations, the observer was located about 1-2 m away from a flowering clump containing 1-26 flowers. A flowering clump was defined as a group of flowering ramets spatially isolated from others. Any insect that landed on the flower or entered the pollination tunnel was recorded, captured with a net, and killed to be subsequently identified. Their behaviour was noted as: (1) ''foragers'' (if entering the floral tunnel, then leaving), (2) ''sheltered'' (if entering the floral tunnel or found inside at the beginning of the observation and remaining inside for at least 1 minthis length of time was chosen linked to previous field observations), (3) ''floriphageous'' (if eating floral tissues), and (4) ''accidental'' (any other case).
In 
Night and day sheltering
To assess the frequency of night sheltering, 14 sampling sessions were performed at least 0.5 h before sunrise in The Cedars population, from 12 May to 10 June 2004, by sampling the three tunnels of 50 flowers, randomly selected, inside one subpopulation (the same subpopulation was never sampled over 2 consecutive days). When insects were found in a flower, the following data were collected: the number of specimens of each species, the orientation of the occupied tunnels (eight categories), the distance between two stigmas as an estimate of flower diameter , and the flower height measured as the distance between the soil and the base of the falls (outer petals). At least one specimen of each species was captured, killed, and pinned for further identification.
From 10 May to 9 June 2004, 27 sampling sessions were performed during the daytime using the same method as for night-shelter sampling. They were equally distributed from sunrise to sunset, and covered the three main climatic conditions (sunny, cloudy, and windy) at the same occurrence.
The dispersion of insects among flowers (clumped or homogeneous) was estimated with the ''variance/mean ratio'' (VMR) for each insect species as follows:
where s 2 is the variance and x is the mean number of individuals per flower.
VMR values greater than 1.0 correspond with existence of ''clusters'' and show an aggregation behaviour of bees among flowers. Smaller values (VMR < 1.0) are linked to a more-uniform-than-random distribution, i.e., mutual avoidance of insects among flowers. VMR values equal to 11.0 correspond with existence of ''clusters'' and show an aggre- gation behaviour of bees among flowers. Smaller values (VMR < 1.0) are linked to a more-uniform-than-random distribution, i.e., mutual avoidance of insects among flowers. VMR values equal to 1 correspond with a Poisson distribution (Sokal and Rohlf 2003) . A w 2 goodness-of-fit testing to a Poisson distribution was performed. Height and diameter of the flowers sheltering the different groups of refugees were compared with the mean flower height and diameter of those in the population measured in 2003 with a t test.
Influence of flower spatial pattern on frequency of visit and the sheltering phenomenon
To test for the effect of grouping of flowers in clumps on pollinator attraction, the number of flowers in the observed or sampled clumps was recorded during the diurnal observation of visitors as well as during the shelter samplings. Moreover, but for sheltering only, flower density in a 1 m 2 circle around the flower was also recorded to further evaluate the influence of local density on sheltering behaviour. Because the rate of visit was rather low, resulting in numerous zero values for individual observation sessions, the data were pooled for clumps with similar flower number, and a global rate of visit was estimated for each class. Cutoff for the delimitation of flower number class was chosen in a way to obtain similar sample size (number of observation sessions) among the flower number classes.
Pollen quantification
To estimate the pollination efficiency of the main visitors (including sheltered insects) pollen was quantified on the body of 270 insects captured in The Cedars population during the diurnal observation sessions, and belonging to the major groups of flower visitors, using Beattie's method (Beattie 1971) . Pollen was collected from all body parts using a stained gelatine cube. The cube was melted on a microscope slide and homogenized. The number of Iris and non-Iris pollen grains was then counted under the microscope in one randomly located area subsampled on the slide (0.5 cm 2 ). The total number of pollen grains was calculated by relating the number of grains observed in the sampled area to the total surface area of the melted gelatine on the slide. Iris pollen grains were easily distinguished from other pollen grains because of their huge size (100 mm), which was not found for any other plant species growing in the same habitat.
Morning flight time tests
To examine the effect of heat reward on morning emergence time, male bee aggregates (at least two beesÁflower -1 ) found in flower tunnels before sunrise were separated into two groups: one group was placed directly on the ground, while the other was left inside the flower tunnel. Continuous observations were performed until emergence (emergence from the flower or flight of the insects placed on the soil). During the observation period, floral (inside the floral tunnel) and air temperatures (measured at 20 cm above soil level) were recorded every 15 min using a HD 9010 thermometer (precision: 0.1 8C). The exact moment of emergence and the environmental (floral or ambient) temperature at emergence were recorded for each individual. Observations were stopped at 10:00 h and nonemerged insects were not considered in the analysis. Over the whole flowering season, 12 morning observations were conducted. We tested whether the mean time of emergence (number of minutes from sunrise until flight) differed significantly between the two groups with a paired t test. Mean temperature within the flowers and outside at the time of emergence were compared with a paired t test.
To characterize temperature variation inside and outside the flowers, additional temperature records were taken every hour over 2 whole days from sunrise to sunset.
Insects identification and data analysis
Collected insects were identified by S. Patigny (Unité de Zoologie générale et Appliquée, FUSAGx, Belgium) for the Andrenidae; M. Terzo and P. Rasmont (Mons-Hainaut University, Belgium) for Xylocopa spp. and Bombus spp., respectively, and A. Pauly for Halictidae. Other groups were identified by the first author using Michener's (2000) classification. All statistical analyses were performed using Minitab software version 14.20 (Minitab Inc. 2000) .
Results
Floral longevity and receptivity
The first wilting signs appeared after an average of 6.2 d (±0.4 SD), which represents the actual floral longevity. Flowers that were cross-pollinated on the first day of opening gave 100% fruiting. For the maximal receptivity test, cross-pollination treatments were performed on the morning of the 6th day. No fruits were produced. Floral receptivity is thus lost before the first wilting signs, and functional female longevity is a maximum of 5 d.
Diurnal observations
The total frequency of diurnal visits on Iris cedretii was 0.34 and 0.32 visitÁflower -1 Áh -1 in The Cedars and Ain El Haramiyé populations, respectively. Among the 47 recorded species (Table 1) , 9 belonging to three groups of solitary bees (Hymenoptera) appeared to be the main flower visitors. These were Eucera spp. (6), Xylocopa spp. (2), and Andrena spp. (1). There were some differences in the relative importance of various groups between the two populations of I. cedretii. In the Ain El Haramiyé population, Xylocopa spp. were the most frequent visitors, and no Andrena spp. were observed (Fig. 2) . In the Cedars population, Eucera spp. were the most frequent (77% of all visits) followed by Xylocopa spp. (Fig. 2) . Sheltering was the most common behaviour representing 82.5% of all visits, but its relative importance varied among groups. Eucera spp. visits were mainly linked to sheltering. In contrast, Xylocopa spp. showed a foraging-like behaviour (foragers) (Fig. 2) , flying from flower to flower between clumps, entering and exiting the pollination tunnel over short time periods. This was observed under different climatic conditions, and more often during warm periods of the day. However they entered a few flowers as compared with the number of approaches, and sheltering was less important in this group. The foraging behaviour was also observed for one Anthophora species and two Bombus species, but with a negligible frequency rate (respectively, 3, 1, and 1 occurrence over the whole flowering period). It should be noted that for sheltering groups such as Eucera spp., the very low rate of visits referred as ''foraging'' can be interpreted as probing behaviour for checking potential shelters. Other groups such as Coleoptera, Homoptera, and Heteroptera were observed eating the flowers' tissues and most likely play no role in pollination. For the former in particular, their grouped feeding habit most often leads to the complete destruction of floral receptive parts. Similar groups and behaviours were also found in the I. sofarana subsp. kasruwana population in Laqlouq (Table 1) .
Night and day sheltering
In The Cedars population, the night-shelter phenomenon started 1-4 h before sunset, depending on the climatic conditions. In the morning, bees left the flower 20 min minimum after sunrise, but could stay inside for hours when the weather was windy or cloudy. From the 700 flowers sampled over 14 nights, 27% contained at least one insect. Eucera male bees were by far the most frequently involved in the phenomenon, as 89.4% of flowers containing insects sheltered at least one male Eucera (Table 2) . That is to say that 24.1% of the 700 sampled flowers contained Eucera bees. Aggregates of up to 25 Eucera bees inside one single flower were found (mean = 2.484 ± 3.124 SD). Aggregates were either monospecific or contained several species grouped together. The monospecific aggregation phenomenon was reflected by the calculated variance/mean ratios, which are all greater than 1 (ranging from 1.5 to 7.1). Moreover, all distributions significantly differ from poisson distribution (w 2 test: P < 0.001 for all insect species). Inside the flower, bees could occupy one, two, or the three pollination tunnels.
As during the night, sheltering was recorded during the day, but at a lower occurrence. From the 1350 sampled flowers over 15 d, 12% sheltered at least one insect (mean = 1.856 ± 1.806 SD). Among them, 64% contained Eucera bees (Table 2) . Sheltering appeared to be a constant phenomenon, as it was found during all daytime hours (from sunrise until sunset), but refugees' behaviour depended on the weather. They principally flew and fed under sunny conditions and massively sheltered if a cloudy or windy period occurred. In sunny periods, however, 4.9% of Iris flowers still contained Eucera bees against 13.6% and 18.7%, respectively, under windy and cloudy conditions, for the departure was not instantaneous when the weather improved (Fig. 3) . Considering (1) sunny periods; (2) cloudy periods; (3) windy periods, and (4) night periods, there was a highly significant influence of these conditions on the proportion of occupied flowers (w 2 test: df = 2; w 2 = 40.276; P = 0.00). The same groups of insects as during the night were found inside flowers and they also showed an aggregated distribution among flowers as calculated by the variance/mean ratios (range from 1.4 to 5) and by the goodness-of-fit tests for Poisson distribution (w 2 test: P < 0.001 for all insect species). Eastoriented and southeast-oriented tunnels were generally preferred by Eucera bees, both during night and day (Fig. 4) . For the flowers that were used by insects as night shelters, the average height and diameter were significantly different from the population means for the Pteneucera spp. 
Influence of flower spatial pattern on frequency of visit and the sheltering phenomenon
For day visit observation, the number of flowers per clump ranged from 1 to 26. There were differences in frequency of visits among visitors, according to the number of flowers in the clump. The global rate of visit per flower decreased with the number of flowers in the clump for Xylocopa spp., with a clear preference for isolated flowers (Fig. 5) . A general trend for decreasing global rate of visit with increasing number of flowers per clump was also noted for Eucera spp., with a preference for small clumps (up to 4 flowers) as compared with larger ones. In Andrena, a trend appeared for a higher global rate of visit in clumps with an intermediate number of flowers, but as the rate of visit was rather low for all clump sizes, the pattern is difficult to interpret.
For the night-sheltering observations, the number of flowers per clump ranged from 1 to 18, and the density of flowers within a 1 m 2 circle varied from 1 to 17. As the number of flowers and the density were highly correlated (Pearson correlation, r = 0.794, P = 0.000), only the results based on flowers number per clump are presented (Fig. 6) . Night sheltering was most frequent in solitary flowers or two-flowered clumps (Fig. 6) , and an occupation of the three tunnels simultaneously was found only for these categories. Clump size and flower density have thus an impact on the sheltering behaviour. Bees are most likely to choose isolated flowers located in areas with low flowering densities.
For day-sheltering occurrence, the trend is less obvious, it seemed related to the number of flowers in the clump for the categories below eight flowers (Fig. 6) .
Pollen quantification
Pollen loads were quantified for the main groups of foragers (Xylocopa spp.) and refugees (Eucera spp.). Pollen was collected from all parts of the insect's body, but it was mainly located on the thorax. Pollen quantities increased with body size and ranged from 1.4 (±3.2 SD) to 296.7 (±211.1 SD) pollen grains (Fig. 7) . However, a high variation of pollen loads was observed even within groups. For example, pollen quantities on Xylocopa violacea varied between 12 and 769 pollen grains carried per individual. Quantities carried by X. valga were much lower and reflected a more generalist foraging behaviour, as Iris pollen represented on average 45% of total carried pollen, while this proportion reached 66.25% for X. violacea. Eucera spp. carried much less pollen than Xylocopa spp.
Morning flight time tests
Insects inside the flowers did not emerge before those placed on the ground. The flight time of the latter was significantly earlier than that of individuals sheltering in the flowers (paired t test (mean number of minutes from sunrise until flight): T = -4.95; df = 19; P = 0.000). Male bees that took refuge in the flowers for the night left their shelter at the earliest 21 min after the direct contact of the sun on the flower, while insects on the ground left at the earliest 1 min after the first sun rays reached the site. Average morning flight time was 83 min after the arrival of sun rays on the flowers. The first flight from the flower happened at an average temperature of 18.4 8C (±3.2 SD) while on the ground, insects flew away as soon as they could move, with a recorded average air temperature of 13.8 8C (±1.9 SD). These two departure temperatures were significantly different (paired t test: T = -5.30; df = 19; P = 0.000).
Day mean difference between floral and air temperature varied from 0.9 8C to 2.0 8C with temperature inside the flower always being higher. The evolution of the mean temperature difference between flower and air is depicted in Fig. 8 .
Discussion
Flower frequentation and pollination efficiency
Comparative studies of pollen deposition on the stigmatic surface or measurements of seed set after visitations are the best estimates of visitors' pollination efficiency (Kearns and Inouye 1993) . However, direct methods for evaluating pollinator efficiency in a plant species with numerous visitors are not convenient, because measurement of each insect visitor species is prohibitive (Lindsey 1984; Jacquemart 1993; Mahy and Jacquemart 1998) . In this study, observations of visitors' behaviour, pollen load, and frequency of visit were used to determine the potential efficiency of visitors.
In the examined population of Oncocyclus irises, each flower is visited approximately once every 3 h. Nevertheless, those flowers are visited by a huge diversity of insects: 47 insect species, belonging to four orders, were recorded over the whole study. Among those species, an important part is most likely not linked to pollen transfers because of little size, poor hairiness (e.g., Andrenidae), or herbivorous behaviour (e.g., bugs and beetles). Ultimately, only two groups of Anthophoridae male bees can be considered as efficient and common pollinators of Oncocyclus irises in Lebanon: Xylocopa spp. and Eucera spp. The anatomy of these can allow significant pollen transportation, and they are found in flowers at much higher rates than other groups.
Xylocopa bees pollination
The two main species of Xylocopa (carpenter bee) found 
Shelter pollination
Eucera males are hairy bees, 9-17 mm long. This group is by far the most commonly involved in the flower-sheltering phenomenon in Lebanese Oncocyclus irises. In addition to the study of Sapir et al. (2005) on Oncocyclus irises from Israel, flowers from several other plant species have already been reported as night shelters for aggregations of solitary bees, especially male. Eucera males were found in Anemone coronaria (Horovitz 1976) , males of Eucera, Andrena, Tetralonia, and Osmia were recorded in Serapias vomeracea (Dafni et al. 1981) , Perdita texana spend the night in Opuntia flowers (Danforth and Neff 1992) , males of Perditomorpha brunerii spend the night in Sida spp. (Gaglianone 2000) , and Peponapis and Xenoglossa bees shelter in Cucurbita sp. (Willis and Kevan 1995) . In only two cases (Dafni et al. 1981; Sapir et al. 2005) , the role of night-sheltering male bees as pollinators was demonstrated.
The morning flight time tests and diurnal observations indicate that the principal advantage for male bees to shelter in Iris flowers is not especially to fly earlier in the morning. Floral tunnels are in fact used as a refuge, providing relative security and a higher temperature to insects, thus reducing their energy losses. These rewards are accentuated by the aggregation tendency of Eucera male bees. Aggregation provides a predation-risk dilution for each individual, and limits the energy losses during the night and cold periods. As aggregated bees are less numb, they can react faster in case of predation. Orientation preference also enforces the floralsheltering rewards when bees choose a refuge. Eastern (and southeastern) oriented tunnels, which are the less exposed to the prevailing winds and are the fastest to be warmed by the sun, are preferred. This suggests that bees could be able to learn which floral tunnel is the most attractive and provides the best chances of reducing energy losses.
During daytime at the Cedars, Eucera male bees are on average found sheltering in 7.8% of iris flowers. This percentage reaches 24.1% at night. With a flower receptivity of maximum 5 d (and nights), each flower could be used 1.6 times as a shelter by Eucera bees. Night sheltering is quantitatively superior but is a longer phenomenon, bees being still during the main part of the night. If a long sheltering time can deposit more pollen grains on insects, pollen transfers between flowers are due to shelter succession (and shelter probing). Day sheltering is thus qualitatively very important for pollination, especially when sunny periods alternate with cloudy or windy weather.
The different Eucera species are not similarly efficient for pollination: E. (Eucera) spp. and E. (Synhalonia) spp., the most frequent species in The Cedars and Laqlouq, which carry the higher quantities of pollen, are the biggest and the most hairy species. Eucera (Hetereucera) males come third, but are the only ones recorded in Ain El Haramiyé. Eucera (Pteneucera) spp. are by far the less efficient species, because of the low pollen quantities that they carry. All the same, Eucera males carried fewer pollen grains than Xylocopa, and one single visit should be less efficient to ensure the pollination of a flower tunnel. When bees are aggregated, however, enough pollen could be left on the stigma during one sheltering event.
Flower density and pollination
From previous studies on various plant-pollinator systems, it appears that the influence of local flowering density on perflower visitation rate seems to be idiosyncratic to each plant and pollinator system (Bosch and Waser 1999; Grindeland et al. 2005; Kirchner et al. 2005) . In our case, we examined this relationship in a clonal rhizomatous species that bears a single flower per ramet. In the absence of precise study of clonality in this species, we cannot ascertain whether a clump of ramets corresponds with a single genet or not, but it does not preclude conclusions on the influence of flower density on pollinators attractions.
We found that the visitation rate of both day-visiting Xylocopa and night-sheltering Eucera were influenced by the number of flowers per clumps (correlated to local flower density).
Isolated and sparse flowers are more often visited by Xylocopa spp., and the visitation rate (per flower) decreases when the number of flowers per clump increases. The Xylocopa foraging-like behaviour in Iris population is most probably induced by another mechanism than food rewards. Further research is needed to completely understand the attraction process of male carpenter bees to Oncocyclus flowers. The role of the onco spot in hole mimicry (Dafni et al. 1981) or even in sexual deception (but see Nilsson 1992) should be investigated.
Frequentation by night-sheltering Eucera spp. depends on flower density and number of flowers per clump with an apparent preference for isolated (or sparse) flowers. These insects mainly feed upon flowers of the Fabacae family. Areas sparse in irises are often denser in nourishing plants.
In those areas, where Eucera male bees feed, the choice is restricted if they search for a shelter, and each flower will then have a higher probability of sheltering bees than in areas with higher iris densities.
Conclusion
The present study shows that Lebanese Oncocyclus irises have a bimodal pollination system, including two complementary modes. Visits by Xylocopa spp. occur principally during warm periods of the day, at a very low frequency but with potentially important pollen transfers. Refugees, especially Eucera male bees, are the main visitors and act as the main pollinators during the nights and days when the weather is changeable. Our results are complementary to those of Sapir et al. (2005) , showing that, in Oncocyclus irises from Israel, pollination was due to solitary male bees that shelter at night. We then confirmed the prediction of Avishai and Zohary (1980) , that large bees (e.g., carpenter bees) can also play a role in the pollination of Oncocyclus irises, while it is the first time that supporting data on Xylocopa frequentation are presented.
This pollination bimodality can be seen as an advantage for the plant, because it reduces its dependence on each insect group population and on climate, which can vary from year to year in Lebanese mountains. This is illustrated with the variation of the relative importance of Xylocopa spp. and Eucera spp. Xylocopa were more important in the Ain El Haramiyé population that began to flower 10 d earlier than The Cedars population and ended flowering earlier because of herbivory on flowers. Differences in regional climate may be a factor explaining the differences in pollination systems between Israeli and Lebanese Oncocyclus irises. 
